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(54) Light source unit for vehicular lamp 

(57) A light source unit capable of considerably re- 
ducing the size of a vehicular lamp An LED is mounted 
on an optical axis extending in the longitudinal direction 
of the vehicle with its light output directed upward, and 
a reflector is provided above the LED having a first re- 
flecting surface for collecting the light emitted by the 
LED and reflecting the light generally in the direction of 
the optical axis Ax. The first reflecting surface is formed 
in such a manner that a distance L in a vertical direction 
from the LED to the first reflecting surface is approxi- 
mately 10 mm in a preferred embodiment. Consequent- 
ly, the size of the reflector can be considerably reduced 



as compared with reflectors employed in conventional 
vehicular lamps. Moreover, the LED used as a light 
source emits little heat, the reflector can be designed 
without having to take into account the influence of heat 
generated by the light source. Furthermore, the LED can 
be treated substantially as a point light source so that 
proper reflection control can be carried out even if the 
size of the reflector is reduced. By mounting the LED so 
that its light output is directed substantially orthogonal 
to the optical axis Ax, moreover, it is possible to effec- 
tively utilize most of the light emitted by the LED and 
reflected by the first reflecting surface. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Not applicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable 

REFERENCE TO SEQUENCE LISTING, A TABLE, OR 
A COMPUTER PROGRAM LISTING COMPACT DISK 
APPENDIX 

[0003] Not applicable 

BACKGROUND OF THE INVENTION 

[0004] The present invention relates to a light source 
unit for use in a vehicular lamp. 
[0005] Conventionally, a so-called projection -type ve- 
hicular lamp implemented as a headlamp has been 
known. 

[0006] In a projection-type vehicular lamp, light emit- 
ted by a light source disposed on the optical axis of the 
lamp is collected and reflected forward in the direction 
of the optical axis by a reflector, and the reflected light 
is radiated in the forward direction of the lighting unit 
through a projection lens mounted in front of the reflec- 
tor. 

[0007] By employing such a projection-type vehicular 
lamp it is possible to reduce the overall size of the light- 
ing unit compared with a so-called parabolic-type vehic- 
ular lamp. 

[0008] However, in the conventional projection-type 
vehicular lamp where a discharge light-emitting section 
of a discharge bulb or a filament of a halogen bulb is 
used for a light source thereof, the following problem oc- 
curs. 

[0009] More specifically, because the actual light- 
emitting portion of the light source has a certain finite 
size, in order to appropriately reflect and control the light 
emitted by the light source it is necessary to provide a 
relatively large reflector. Moreover, it is necessary to 
provide a space for mounting and supporting the dis- 
charge or halogen bulb on the reflector, which further 
contributes to the need for a relatively large reflector. 
Also, the light source generates considerable heat, and 
the influence of the heat must be taken into considera- 
tion in the design of the reflector. 
[0010] From the foregoing, there is a problem that a 
significant reduction in the size of the lighting unit cannot 
be obtained with the conventional projection -type vehic- 
ular lamp. 

[0011] JP-A-2002-50214, J P-A-2001 -332104 and 
JP-A-9-330604 disclose a vehicular lamp using an LED, 
which is a small-sized light source. Moreover, JP-A- 



2002-42520 and J P -A -2000 -77689 teach a light-emit- 
ting device having a reflecting surface provided close to 
an LED. These references do not, however, teach a light 
source suitable for use in a vehicular headlamp or the 
5 like. 

BRIEF SUMMARY OF THE INVENTION 

[0012] In consideration of the problems mentioned 
w above, it is an object of the invention to provide a light 
source unit which allows the size of a vehicular lamp to 
be significantly reduced. 

[001 3] To achieve the above and other objects, the in- 
vention employs a semiconductor light-emitting element 
15 as a light source together with an appropriately de- 
signed reflector. 

[001 4] More specifically, the invention provides a light 
source unit for use in a vehicular lamp, comprising a 
semiconductor light-emitting element arranged on the 

20 optical axis of the light source unit with its light output 
directed in a predetermined direction substantially or- 
thogonal to the optical axis, and a reflector provided on 
a forward side in the predetermined direction with re- 
spect to the semiconductor light-emitting element and 

25 having a first reflecting surface to collect light emitted 
by the semiconductor light-emitting element and reflect 
the light forward in the direction of the optical axis, 
wherein the first reflecting surface is formed in such a 
manner that the distance in the predetermined direction 

30 from the semiconductor light-emitting element to the first 
reflecting surface has a value of 20 mm or less. The term 
"light output directed in a predetermined directipn , ' 
means that the central axis of the generally hemispher- 
ical light flux produced by the semiconductor light-emit - 

35 ting element is directed in the predetermined direction. 
[0015] The vehicular lamp in which the light source 
unit of the invention can be employed is not restricted 
to a specific type of lamp, and it may be embodied as a 
headlamp, a fog lamp or a cornering lamp, for example. 

40 [001 6] The optical axis of the light source unit may ex- 
tend in the longitudinal direction of the vehicle or in an- 
other direction. 

[0017] The above-mentioned predetermined direc- 
tion is not restricted to a specific direction as long as it 

45 is substantially orthogonal to the optical axis of the light 
source unit, and it can be in the upward, transverse or 
downward direction with respect to the optical axis. 
[0018] While the specific type of the semiconductor 
light-emitting element is not particularly limited, an LED 

50 (light-emitting diode) or an LD (laser diode) can be em- 
ployed, for example. 

[0019] As described herein, the invention provides a 
light source unit comprising a semiconductor light-emit- 
ting element arranged on the optical axis of the light 
55 source unit with its light output directed in a predeter- 
mined direction substantially orthogonal to the optical 
axis, and a reflector extending on a forward side in the 
predetermined direction with respect to the semicon- 
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ductor light-emitting element and having a first reflecting 
surface to collect light emitted by the semiconductor 
light-emitting element and reflect the light forward in the 
direction of the optical axis, wherein the first reflecting 
surface of the reflector is formed in such a manner that 
the distance in the predetermined direction from the 
semiconductor light-emitting element to the first reflect- 
ing surface is 20 mm or less. With this construction, the 
size of the reflector can be reduced considerably com- 
pared with a reflector used in a conventional projection- 
type vehicular lamp. 

[0020] Because a semiconductor light-emitting ele- 
ment is used as the light source, the light source can be 
treated substantially as a point light source. Thus, even 
if the size of the reflector is reduced, the light emitted by 
the semiconductor light-emitting element can be appro- 
priately reflected and controlled by the reflector. In ad- 
dition, the semiconductor light-emitting element is ar- 
ranged with its light output directed in a predetermined 
direction substantially orthogonal to the optical axis of 
the light source unit. Consequently, most of the light 
emitted by the semiconductor light-emitting element is 
reflected by the first reflecting surface and utilized in the 
output light beam from the light source. 
[0021] Moreover, since a semiconductor light-emit- 
ting element is used as the light source, it is not neces- 
sary to provide a large space such as needed for mount- 
ing a discharge or halogen bulb on the reflector, thereby 
further contributing to a reduction in the size of the re- 
flector. In addition, semiconductor light-emitting ele- 
ments emit little heat, again promoting a reduction in the 
size of the reflector. 

[0022] Accordingly, by using a light source unit con- 
structed according to the invention in a vehicular lamp, 
it is possible to considerably reduce the overall size of 
the vehicular lamp. 

[0023] One or a plural number of light source units 
constructed according to the invention may be used in 
a vehicular lamp. In the latter case, the brightness of the 
vehicular lamp can be increased corresponding to the 
number of light source units. The arrangement of the 
plural light source units can easily be set in accordance 
with the given design parameters. That is, the use of 
light source units of the invention results in a wide lati- 
tude in designing a vehicular lamp. 
[0024] A second reflecting surface may be provided 
at the front end in the direction of the optical axis of the 
first reflecting surface, and the second reflecting surface 
may be inclined forward ly in the direction of the optical 
axis, the solid angle subtended by the reflector can be 
increased correspondingly. Consequently, the propor- 
tion of the luminous flux from the light source unit utilized 
in the output beam can be further increased. 
[0025] Moreover, if a light control member (shade) for 
shielding a part of the light reflected by the first reflecting 
surface is provided at a predetermined position on a for- 
ward side of the semiconductor light-emitting element 
in the direction of the optical axis, it is possible to form 



a light distribution pattern having a cut-off line such as 
a low-beam distribution pattern of a headlamp. 
[0026] Further, by extending a shielding end face of 
the light control member rearward in the direction of the 
5 optical axis and by forming a third reflecting surface for 
reflecting the light reflected by the first reflecting surface 
in the above-mentioned predetermined direction with 
the shielding end face, light which would otherwise have 
been shielded by the light control member can effective- 
to ly be used in the formation of the output light beam. 
Thus, the luminous flux provided by the light source unit 
can be yet further increased. 

[0027] In the case in which the light source unit ac- 
cording to the invention is used in a vehicular lamp, a 

15 projection lens is generally required. The light source 
unit according to the invention may incorporate the pro- 
jection lens, although this need not always be the case. 
If a projection lens is to be included with the light source 
unit, the projection lens may be provided at a predeter- 

20 mined position on the forward side in the direction of the 
optical axis with respect to the reflector. In the latter case 
where the projection lens is not directly integrated with 
the light source unit, it is preferable that the projection 
lens is still provided at the predetermined position on the 

25 forward side in the direction of the optical axis with re- 
spect to the light source unit However, in the case 
where the projection lens is integrated with the structure 
of the light source unit the positional relationship among 
the projection lens and the reflector (as well as the light 

30 control member, if present) can be established with a 
high degree of precision prior to final assembly of the 
vehicular lamp. Consequently, it is possible to more eas- 
ily assemble the vehicular lamp 

35 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0028] Fig. 1 is a front view showing a first example 
of a vehicular lamp which includes plural light source 
40 units constructed according .to a first embodiment of the 
invention; 

[0029] Fig. 2 is a front v»ew snowing a light source unit 
included in the vehicular lamp of Fig i . 
[0030] Fig. 3 is a sectional soe view showing the light 
^5 source unit of Fig. 1 . 

[0031] Fig. 4 is a sectional plan view showing the light 
source unit of Fig. 1 ; 

[0032] Fig. 5 is a sectional side view showing in detail 
the optical path of a beam radiated from the light source 
so unit of Fig. 1 ; 

[0033] Fig. 6 is a perspective view showing a light dis- 
tribution pattern formed on a virtual vertical screen at a 
position 25 m forward of a light source unit of the inven- 
tion by a beam from the light source unit together with 
55 the light source unit as seen from the rear side thereof; 
[0034] Fig. 7 is a view showing an alternate arrange- 
ment of an LED in the embodiment of Fig. 6; 
[0035] Fig. 8 is a view similar to Fig. 5 showing a sec- 
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ond embodiment of a light source unit of the invention; 
[0036] Fig. 9 is a view similar to Fig. 1 showing a sec- 
ond example of a vehicular lamp employing plural light 
source units of the invention; 

[0037] Fig. 10 is a perspective view showing a light 
distribution pattern formed on a virtual vertical screen 
by a beam having a horizontal cut-off line, together with 
a light source unit of the second embodiment as seen 
from the rear side thereof; 

[0038] Fig. 11 is a perspective view showing a light 
distribution pattern formed on the virtual vertical screen 
by a beam having an oblique cut-off line, together with 
a light source unit of the second embodiment as seen 
from the rear side thereof, 

[0039] Fig. 12 is a perspective view showing a low- 
beam distribution pattern formed on the virtual vertical 
screen by a beam of a vehicular lamp employing light 
sources constructed according to the second embodi- 
ment; 

[0040] Fig. 13 is a view similar to Fig. 5 showing a third 
embodiment of a light source unit of the invention; and 
[0041] Fig. 14 is a view similar to Fig. 6 showing a light 
distribution pattern formed on a virtual screen by a beam 
of a light source unit of the third embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0042] Preferred embodiments of the invention will be 
described below with reference to the drawings. 
[0043] Fig. 1 is a front view showing a vehicular lamp 
100 which incorporates a light source unit 1 0 construct- 
ed according to a first embodiment of the invention. 
[0044] The lighting unit 100 is a low-beam headlamp 
incorporating ten light source units 1 0 arranged in a sub- 
stantially horizontal line in a lamp housing formed by a 
transparent cover 102 and a lamp body 104. 
[0045] The light source units 10, which all have the 
same structure, are accommodated in the lamp housing 
with their optical axes Ax extending generally in the lon- 
gitudinal direction of the vehicle, more specifically, in a 
downward direction by approximately 0.5 to 0.6 degree 
with respect to the longitudinal direction of the vehicle. 
[0046] Fig. 2 is a front view showing a single light 
source unit 10, and Figs. 3 and 4 are sectional side and 
plan views, respectively, of the light source unit 10. 
[0047] As shown in these drawings, the light source 
unit 10 includes an LED 12 (a semiconductor light-emit- 
ting element) as a light source, a reflector 1 4, a light con- 
trol member 16 and a projection lens 18. 
[0048] The LED 12, which is a white LED including a 
light-emitting section having a size of approximately 1 
mm square, is supported on a substrate 20 at a position 
on the optical axis Ax with its light output directed up- 
ward. 

[0049] The reflector 1 4, which is a substantially dome- 
shaped member provided on the upper side of the LED 
12, has a first reflecting surface 14a for collecting the 
light emitted by the LED 12 and reflecting the light for- 



ward in the direction of the optical axis Ax. The first re- 
flecting surface 14a is formed in such a manner that the 
distance L in a vertical direction from the LED 12 to the 
first reflecting surface 14a is 20 mm or less, preferably 

5 approximately 10 mm. 

[0050] The first reflecting surface 1 4a is substantially 
elliptically shaped in cross section with the optical axis 
Ax as its central axis. More specifically, the first reflect- 
ing surface 14a has a sectional shape in a planar section 

10 including the optical axis Ax which is substantially ellip- 
tical, but with an eccentricity which gradually increases 
from a vertical section toward a horizontal section and 
with the vertex at the rear side of the ellipse for all sec- 
tions being the same. The LED 12 is positioned at a first 

15 focal point F1 of the ellipse in the vertical section of the 
first reflecting surface 14a. With this configuration, the 
first reflecting surface 14a collects and reflects in the 
direction of the optical axis Ax the light emitted by the 
LED 12, and substantially converges the light at a sec- 

20 ond focal point F2 of the ellipse in the vertical section 
on the optical axis Ax. 

[0051] The upper part of the front end of the first re- 
flecting surface 14a of the reflector 14 is provided with 
a second reflecting surface 14b which is inclined down- 

25 ward with respect to the optical axis Ax in a forward di- 
rection from the first reflecting surface 14a. 
[0052] The projection lens 18, which is disposed on 
the optical axis Ax, causes the focal position on the rear 
side to be coincident with the second focal point F2 of 

30 the first reflecting surface 14a of the reflector 14. Con- 
sequently, an image formed on a focal plane including 
the second focal point F2 is projected forward as an in- 
verted image. The projection lens 18 is a planoconvex 
lens with the surface on the forward side being a convex 

35 surface and the surface on the rearward side being a 
planar surface. Four vertical and transverse portions of 
the lens which are not used in focusing light are cham- 
fered to reduce the size and weight of the lens. 
[0053] The light control member 16 is provided be- 

40 tween the LED 12 and the projection lens 18. The light 
control member 16, which has a shielding end face 16a 
which is substantially turned down at the corner as seen 
from the front, shields a part of the light reflected by the 
first reflecting surface 14a with the shielding end face 

45 16a while reflecting most of the light upward toward the 
projection lens 18. 

[0054] More specifically, the shielding end face 16a 
has a horizontal cut-off line forming surface 16a1 ex- 
tending horizontally in a leftward direction from the op- 

50 tical axis Ax and an oblique cut-off line forming surface 
16a2 extending obliquely and downward by about 15 
degrees in a rightward direction from the optical axis Ax. 
The shielding end face 16a is formed in such a manner 
that the front edge of the shielding end face 1 6a (a ridge- 

55 line between the shielding end face 1 6a and a front end 
face 16b of the light control member 16) coincides with 
the second focal point F2. The shielding end face 16a 
extends rearward, and the surface thereof is reflecting. 
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A third reflecting surface 16c for reflecting light reflected 
by the first reflecting surface 14a upward is formed by 
the extended shielding end face 16a. 
[0055] The front end face 16bof the light control mem- 
ber 16 is formed in such a manner that both left and right 
sides are curved forward following an imaginary surface 
corresponding to the image surface of the projection 
lens 18. 

[0056] A substrate support section 16d is formed on 
the rear end of the light control member 1 6, and the sub- 
strate 20 is fixed to the light control member 16 in the 
substrate support section 16d. 

[0057] The reflector 14 is fixed to the light control 
member 1 6 at the peripheral edge portion of a lower end 
thereof. Furthermore, the projection lens 18 is also fixed 
to the light control member 16 through a bracket (not 
shown). 

[0058] Fig. 5 is a sectional side view showing in detail 
the optical paths of various beams which compose the 
light flux radiated from the light source unit 10. 
[0059] As shown in Fig. 5, a part of the light which is 
emitted by the LED 1 2 and reflected by the first reflecting 
surface 14a of the reflector 14 is shielded by the light 
control member 16, while the remaining part of the light 
is directly incident on the projection lens 18. The light 
shielded by the light control member 16 is also reflected 
upward by the third reflecting surface 16c formed on the 
shielding end face 16a and is then incident on the pro- 
jection lens 18. The light which is thus incident on the 
projection lens 18 and transmitted therethrough is emit- 
ted as low-beam radiated light Bo forward from the pro- 
jection lens 18. 

[0060] On the other hand, the light emitted by the LED 
12 which is reflected by the second reflecting surface 
14b of the reflector 14 is directly incident on the projec- 
tion lens 1 8, passing over the second focal point F2, and 
is emitted as additional radiated light Ba forward from 
the projection lens 18. The additional radiated light Ba 
is directed further downward than the low-beam radiat- 
ed light Bo. 

[0061] Fig. 6 is a perspective view showing a low- 
beam distribution pattern P(L) formed on a virtual verti- 
cal screen disposed at a position 25 m forward of the 
lighting unit by a beam radiated forward from the light 
source unit 10. Fig. 6 also shows the light source unit 
10 as seen from the rear side thereof. 
[0062] As shown in Fig. 6, the low-beam distribution 
pattern P(L) is formed as a synthesized light distribution 
pattern including a basic light distribution pattern Po and 
an additional light distribution pattern Pa. 
[0063] The basic light distribution pattern Po, which is 
a leftward light distribution pattern formed by the light 
reflected from the first reflecting surface 14a (the low- 
beam radiated light Bo), has horizontal and oblique cut- 
off lines CL1 and CL2 on the upper edge thereof. The 
horizontal cut-off line CL1 is formed as the inverted im- 
age of the horizontal cut-off line forming surface 16a1 
of the light control member 16 on the right side of the H 



- V intersection (the intersection of horizontal and verti- 
cal axes just in front of the lighting unit), and the oblique 
cut-off line CL2 is formed as the inverted image of the 
oblique cut-off line forming surface 1 6a2 of the light con- 

5 trol member 1 6 on the left side of the H - V intersection. 
The position of the intersection point (elbow point) E of 
the horizontal cut-off line CL1 and the oblique cut-off line 
CL2 is slightly below the position of the H - V intersection 
(downward at an angle of approximately 0.5 to 0.6 de- 

10 gree). Visibility in distant portions of the road surface in 
front of the vehicle is maintained by the basic light dis- 
tribution pattern Po. 

[0064] On the other hand, the additional light distribu- 
tion pattern Pa, which is a light distribution pattern 

is formed by the light reflected by the second reflecting 
surface 14b (the additional radiated light Ba), overlaps 
with the lower half part of the basic light distribution pat- 
tern Po and is diffused widely in the transverse direction. 
Visibility in short-distance regions on the road surface 

20 in front of the vehicle is maintained by the additional light 
distribution pattern Pa. 

[0065] The vehicular lamp 100 according to this ex- 
ample employs ten light source units 10. Therefore, 
beam radiation is performed with a synthesized light dis- 
25 tribution pattern wherein the low-beam distribution pat- 
terns P(L) formed by each of the ten light source units 
10 are combined. Consequently, the brightness neces- 
sary for low-beam illumination by the headlamp is at- 
tained. 

30 [0066] As described above in detail, the light source 
unit 10 according to the first embodiment includes the 
LED 1 2, whose light output is directed upward and which 
is positioned on the optical axis Ax extending in the lon- 
gitudinal direction of the vehicle, and the reflector 14, 

35 which includes the first reflecting surface 1 4a for collect- 
ing and reflecting the light emitted by the LED 12 gen- 
erally in the direction of the optical axis Ax and which is 
provided on the upper side of the LED 12. The first re- 
flecting surface 14a of the reflector 14 is formed in such 

40 a manner that the distance in the vertical direction from 
the LED 12 to the first reflecting surface 14a is approx- 
imately 10 mm. With this construction, the reflector 14 
can be made considerably smaller than a reflector used 
in a conventional projection -type vehicular lamp. 

45 [0067] Since the LED 1 2 is used as a light source, the 
light source can be treated substantially as a point light 
source. Thus, even though the size of the reflector 1 4 is 
reduced, the light emitted by the LED 12 nevertheless 
can be appropriately reflected and controlled by the re- 

50 flector 14. In addition, the LED 12 is arranged in such a 
direction as to be substantially orthogonal to the optical 
axis Ax of the light source. unit 10. Therefore, most of 
the light emitted by the LED 12 can be utilized as light 
reflected by the first reflecting surface 14a. 

55 [0068] Moreover, because the LED 1 2 is used as the 
light source, it is not necessary to provide a large mount- 
ing space, such as is needed when a discharge or hal- 
ogen bulb is used as in the conventional art Also in this 
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respect the size of the reflector 14 can be reduced. In 
addition, because the LED 1 2 generates very little heat, 
the influence of heat does not need to be considered in 
the design of the reflector, further contributing to a re- 
duction in size of the reflector. 
[0069] Accordingly, when the light source unit 10 ac- 
cording to the invention is used in a vehicular lamp, the 
size of the lamp can be considerably reduced. 
[0070] The vehicular lamp 100 according to the 
above-described example is a low-beam headlamp 
which employs ten light source units 1 0 so that the nec- 
essary brightness for low-beam radiation can be at- 
tained. It is to be noted that the arrangement of the light 
source units 10 within the headlamp can easily be set 
optionally, and consequently the freedom in designing 
the shape of the vehicular tamp is enhanced. 
[0071] In the above-described embodiment, the first 
reflecting surface Ua of the reflector 14 is formed in 
such a manner that the distance L in the vertical direc- 
tion from the LED 124p the first reflecting surface 14a 
is approximately 10 mm. Even if the distance Lis slightly 
more than 10 mm (that is, 20 mm or less, preferably 16 
mm or less, and more preferably 12 mm or less), the 
reflector 14 still can be made considerably smaller than 
a reflector used in a conventional projection-type vehic- 
ular lamp. 

[0072] In this embodiment, the front end of the first 
reflecting surface 1 4a of the reflector 1 4 is provided with 
the second reflecting surface 1 4b extending forward and 
inclined with respect to the optical axis Ax. Therefore, 
the solid angle subtended by the reflector 1 4 can further 
be increased correspondingly. Consequently, the 
amount of luminous flux from the light source unit 10 
which is utilized in the output beam can be further in- 
creased. 

[0073] Moreover, because the light control member 
16 for shielding a part of the light reflected by the first 
reflecting surface 14a is provided at a predetermined 
position on the forward side with respect to the LED 1 2, 
the output beam from the light source 10 includes the 
low-beam distribution pattern P{L) having the horizontal 
and oblique cut-off lines CL1 and CL2. 
[0074] For this purpose, the light control member 16 
is provided with the shielding end face 16a which ex- 
tends rearward and the third reflecting surface 16c for 
reflecting the light reflected by the first reflecting surface 
1 4a in the upward direction. Therefore, even light which 
is shielded by the light control member 16 can be effec- 
tively utilized in the output beam. Consequently, the lu- 
minous flux from the light source unit 10 is efficiently uti- 
lized. However, in place of the light control member 16 
according to the above-described embodiment, it is also 
possible to provide a light control member having only 
the function of shielding a part of the light reflected by 
the first reflecting surface 14a. 

[0075] Furthermore, since the light source unit 10 ac- 
cording to this embodiment incorporates the projection 
lens 18, the positional relationship between the projec- 



tion lens 1 8 and the reflector 14 and light control mem- 
ber 1 6 can be established with high precision at a stage 
prior to final assembly of the lighting unit 100. Conse- 
quently, the lighting unit 100 can easily be assembled. 

5 [0076] While the LED 1 2 is arranged with its light out- 
put directed in the upward direction in the light source 
unit 10 according to the above-described embodiment, 
that is, with its light output substantially orthogonal to 
the horizontal cut-off line forming surface, it may rotated, 

10 for example, by 15 degrees in a rightward direction 
about the optical axis Ax, as shown in Fig. 7. In such a 
case, the following functions and effects can be ob- 
tained. 

[0077] Generally, the light distribution curve of the 

15 light emitted by the LED has a luminous intensity distri- 
bution in which the directly forward direction of the LED 
has a maximum luminous intensity and the luminous in- 
tensity decreases as the angle with respect to the direct- 
ly forward direction is increased. Therefore, by rotating 

20 the LED 1 2 by 1 5 degrees as described above, a lower 
region (indicated by a two-dot chain line in Fig. 7) A of 
the oblique cut-off line CL2 in the basic light distribution 
pattern Po can be illuminated more brightly. Conse- 
quently, the low-beam distribution pattern P(L) is im- 

25 proved for distant visibility 

[0078] In this embodiment, the shielding end face 1 6a 
of the light control member 16 includes the horizontal 
cut-off line forming surface I6al and the oblique cut-off 
line forming surface 16a2 in order to form the low-beam 

30 distribution pattern P{L) having the horizontal and ob- 
lique cut-off lines CL1 and CL2 However, the shielding 
end face 16a of the light control member 16 may have 
a different shape from that previously described in order 
to form a low-beam distribution pattern having a different 

35 cut-off line pattern {a transversely uneven stepped hor- 
izontal cut-off line, for example) It is possible to obtain 
the same functions and eftects as those of the above- 
described first embodiment m such a case by employing 
the same structure as that of the first embodiment. 

40 [0079] Next, a second emood<ment of the embodi- 
ment will be described 

[0080] Fig. 8 is a sectional s*oe view showing a light 
source unit 10A according to the second embodiment. 
[0081] As shown in Fig 8 tne iignt source unit 10A 

45 employs different structures for the light control member 
16A and projection lens 18A than those ot the light con- 
trol member 16 and the projection lens 18 according to 
the first embodiment, while other structures are the 
same as those in the first embodiment. 

50 [0082] The shape of a front end face 16b of the light 
control member 1 6A is the same as that of the light con- 
trol member 16 (indicated by a two-dot chain line in Fig. 
8) of the first embodiment, while a shielding end face 
16Aa is inclined slightly upward and rearward from the 

55 front end face 16b. The angle of inclination a may be 
approximately 1 to 10 degrees, for example. 
[0083] The shielding end face 1 6Aa is formed so that 
a third reflecting surface 16Ac for reflecting the light re- 
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fleeted by the first reflecting surface 14a upward is also 
formed at an angle of upward inclination a. Consequent- 
ly, the angle of upward inclination of the light reflected 
by the third reflecting surface 16Ac is reduced by an an- 
gle of 2a as compared with the previously described em- 
bodiment (the optical path of the reflected light is indi- 
cated by a two-dot chain line in the drawing). Accord- 
ingly, the position at which light reflected by the third re- 
flecting surface 16Ac is incident on the projection lens 
18A is lower than that in the previously described em- 
bodiment. 

[0084] For this reason, the projection lens 18A ac- 
cording to the second embodiment is cut away at an up- 
per end portion where no light reflected by the third re- 
flecting surface 16Ac is incident {as indicated by a two- 
dot chain line in Fig. 8). 

[0085] By employing the structure of the second em- 
bodiment, the height of the projection lens 18A can be 
decreased. Consequently, the size of the light source 
unit 10A can be reduced still further. 
[0086] Next, another example of a vehicular lamp em- 
ploying light source units of the invention will be de- 
scribed. 

[0087] Fig. 9 is a front view showing a vehicular lamp 
100A according to this example. 
[0088] As in the case of the first example shown in 
Fig. 1 , the vehicular lamp 1 00A is also a low-beam head- 
lamp employing ten light source units arranged in a sub- 
stantially horizontal line. This example differs from the 
first and example in that the light source units are con- 
stituted by a combination of different types of light 
source units. 

[0089] More specifically, four of the ten light source 
units are the same as those of the first example, while 
the other six light source units are used for forming a hot 
zone (a high luminous intensity region). Of the latter 
group, three are light source units 1 0B for horizontal cut- 
off line formation and the other three are light source 
units 10C for oblique cut-off line formation. 
[0090] A light source unit 10B for forming the horizon- 
tal cut-off line has the same basic structure as the light 
source unit 10, but they differ from each other in the fol- 
lowing respect. More specifically, the entire shielding 
end face 16Ba of the light control member 16B, which 
acts as a horizontal cut-off line forming surface, extends 
horizontally in both leftward and rightward directions 
from the optical axis Ax of the light source unit 10B. In 
the light source unit 10B, moreover, a lens having a 
greater rear focal length than that of the projection lens 
18 of the light source unit 10 is used for the projection 
lens 18B. 

[0091] On the other hand, the light source unit 1 0C for 
forming the oblique cut-off line also has the same basic 
structure as that of the light source unit 1 0, but they differ 
from each other in the following respect. More specifi- 
cally, in the light source unit 10C, the entire shielding 
end face 16Ca of the light control member 16C, which 
acts as the oblique cut-off line forming surface, extends 



obliquely and upward by 15 degrees in a leftward direc- 
tion from the optical axis Ax and obliquely and down- 
ward by 15 degrees in a rightward direction, in the light 
source unit 10C, moreover, a lens having a much great- 

5 er rear focal length than that of the projection lens 1 8B 
of the light source unit 1 0B is used for the projection lens 
18C. Also, the LED 12 of the light source unit 10C is 
rotated by 15 degrees in the rightward direction about 
the optical axis Ax from the vertical direction (see Fig. 

io 11). 

[0092] Fig. 10 is a perspective view showing a light 
distribution pattern P1 for forming the horizontal cut-off 
line as seen on a virtual vertical screen positioned 25 m 
forward of the lighting unit. The light distribution pattern 
15 pi is formed by a beam radiated forward from the light 
source unit 10B. The light distribution pattern P1 is 
shown together with the light source unit 10B as viewed 
from the rear side thereof. 

[0093] As shown in Fig. 10, the light distribution pat- 
20 tern P1 for forming the horizontal cut-off line is formed 
as a synthesized light distribution pattern including a ba- 
sic light distribution pattern P1o and an additional light 
distribution pattern P1a. 

[0094] The basic light distribution pattern P1o is 
25 formed by light reflected from the first reflecting surface 
14a, namely, radiated light B1o for forming the hot zone, 
and it has a horizontal cut-off line CL1 on the upper edge 
thereof. The horizontal cut-off line CL1 is formed at the 
same level as the horizontal cut-off line CL1 formed from 
30 the light source unit 1 0. 

[0095] The projection lens 1 8B of the light source unit 
10B has a greater rear focal length than that of the pro- 
jection lens 18 of the light source unit 10. As compared 
with the basic light distribution pattern Po formed by the 
35 light source unit 1 0, therefore, the basic light distribution 
pattern P1o is smaller and brighter. Consequently, the 
basic light distribution pattern P1o includes a hot zone 
formed along the horizontal cut-off line CL1 which en- 
hances the visibility of distant regions on the road sur- 
40 face in front of the vehicle. 

[0096] On the other hand, the additional light distribu- 
tion pattern P1 a is formed by light reflected from the sec- 
ond reflecting surface 14b (additional radiated light 
B1a), and is formed to overlap with the lower half part 
45 of the basic light distribution pattern P1 o while being dif- 
fused widely in the transverse direction. The additional 
light distribution pattern P1a is also a smaller light dis- 
tribution pattern than the additional light distribution pat- 
tern Pa formed by the light source unit 10 due to the 
so greater rear focal length of the projection lens 1 8B. Vis- 
ibility in the region on the side of the basic light distribu- 
tion pattern P1o on the road surface forward of the ve- 
hicle is enhanced due to the provision of the additional 
light distribution pattern P1a. 
55 [0097] Fig. 11 is a perspective view showing a light 
distribution pattern P2 for forming the oblique cut-off line 
as seen on a virtual vertical screen positioned 25 m for- 
ward of the lighting unit. The light distribution pattern P2 
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is formed by a beam radiated forward from the light 
source unit 10C. The light distribution pattern P2 is 
shown together with the light source unit 10C as seen 
from the rear side thereof. 

[0098] As shown in Fig. 11 , the light distribution pat- 
tern P2 for forming the oblique cut-off line is formed as 
a synthesized light distribution pattern including a basic 
light distribution pattern P2o and an additional light dis- 
tribution pattern P2a. 

[0099] The basic light distribution pattern P2o is 
formed by light reflected from the first reflecting surface 
1 4a (B2o for forming the hot zone), and it has an oblique 
cut-off line CL2 on the upper edge thereof. The oblique 
cut-off line CL2 is formed at the same level as the ob- 
lique cut-off line CL2 formed by the light source unit 1 0. 
[01 00] The projection lens 1 8C of the light source unit 
10C has a much greater rear focal length than that of 
the projection lens 18B of the light source unit 10B. As 
compared with the basic light distribution pattern P1o 
formed by the light source unit 10B, therefore, the basic 
light distribution pattern P2o is much smaller and bright- 
er. Consequently, the basic light distribution pattern P2o 
includes a hot zone along the oblique cut-off line CL2 
so as to enhance the visibility of distant regions on the 
road surface ahead of the vehicle. 
[0101] On the other hand, the additional light distribu- 
tion pattern P2a is formed by light reflectedf rom the sec- 
ond reflecting surface 1 4b (additional radiated light B2a) 
and is formed to overlap with the lower half part of the 
basic light distribution pattern P2o and to be diffused 
widely in the transverse direction. The additional light 
distribution pattern P2a is also a much smaller light dis- 
tribution pattern than the additional light distribution pat- 
tern P1 a formed by the light source unit 10B due to the 
greater rear focal length of the projection lens 18C. Due 
to the additional light distribution pattern P2a, the visi- 
bility in portions of the basic light distribution pattern P2o 
along the side of the road surface ahead of the vehicle 
is enhanced. 

[0102] Fig. 12 is a perspective view showing a syn- 
thesized low-beam distribution pattern P£(L) formed on 
a virtual vertical screen 25 m in front of a lighting unit by 
beams radiated from the vehicular lamp 1 00A according 
to this second example. 

[0103] As shown in Fig. 1 2, the synthesized low-beam 
distribution pattern P£(L) is a composite of four low- 
beam distribution patterns P(L) formed by beams from 
four respective light source units 10. Further, the light 
distribution pattern P1 for forming the horizontal cut-off 
line is a composite of three beams radiated from three 
light source units 10B, and the light distribution pattern 
P2 for forming the oblique cut-off line is a composite of 
three beams from three light source units 10C. 
[01 04] With the vehicular lamp 1 00A according to this 
example, it is possible to obtain a synthesized low-beam 
distribution pattern P£(L) having a hot zone formed in 
the vicinity of an elbow point E. Consequently, it is pos- 
sible to obtain low-beam radiation in a light distribution 



pattern providing distant visibility which is significantly 
enhanced. 

[0105] While a vehicular lamp 100A which is consti- 
tuted by a combination of three types of light source 
5 units 10, 10B and 10C has been described, it is also 
possible to constitute a vehicular lamp by a combination 
of even more types of light source units. Thus, it is pos- 
sible to effect light distribution control with a high degree 
of precision. 

10 [01 06] Next, a third embodiment of a light source unit 
of the invention will be described. 
[0107] Fig. 13 is a sectional side view showing a light 
source unit 30 according to the third embodiment. 
[01 08] The light source unit 30 is designed for provid- 
es jng a high -be am light distribution pattern. 

[0109] More specifically, the light source unit 30 ac- 
cording to the third embodiment is not provided with a 
light control member 16 as in the previously described 
embodiments. On the other hand, the light source unit 
30 of the third embodiment has a second reflector 36 
having a fourth reflecting surface 36a which extends for- 
ward and is inclined downward. 
[01 1 0] The structure of a first reflecting surface 34a is 
the same as that of the first reflecting surface 14a of the 
first embodiment, but the downward inclination angle of 
a second reflecting surface 34b formed at the upper part 
of the front end of the first reflecting surface 34a is great- 
er than the angle of inclination of the second reflecting 
surface 14b of the first embodiment. 
[0111] Since no light control member 16 is provided 
in the third embodiment, all the light emitted by the LED 
12 and reflected by the first reflecting surface 34a is in- 
cident on the projection lens 18 and available for forming 
the high-beam radiated light Bo' from the projection lens 
18. 

[01 12] In the third embodiment, moreover, light emit- 
ted by the LED 1 2 and reflected by the second reflecting 
surface 34b is made incident on the fourth reflecting sur- 
face 36a of the second reflector 36 and then reflected 
by the fourth reflecting surface 36a onto the incident 
face of the projection lens 1 8 to be emitted therefrom as 
additional radiated light Ba\ The direction of radiation of 
any given ray of the additional radiated light Ba' varies 
depending on the reflecting position on the fourth reflect- 
ing surface 36a, and generally a broad light flux at a 
higher position than the high-beam radiated light Bo' is 
radiated in a transverse direction. 
[0113] Fig. 14 is a perspective view showing a high- 
beam distribution pattern P(H) formed on a virtual ver- 
tical screen 25 m forward of the lighting unit by a beam 
radiated from the light source unit 30, together with the 
light source unit 30 as seen from the rear side thereof. 
[01 14] As shown in Fig. 14, the high-beam distribution 
pattern P(H) is formed as a synthesized light distribution 
pattern including a basic light distribution pattern Po' 
and an additional light distribution pattern Pa'. 
[0115] The basic light distribution pattern Po 1 is 
formed by light reflected from the first reflecting surface 
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34a (the high-beam radiated light Bo'), and has a shape 
such that the basic light distribution pattern Po accord- 
ing to the first embodiment is extended upward. With the 
basic light distribution pattern Po' light is radiated for- 
ward of the vehicle in a generally wide pattern centered 
substantially about the H - V intersection. 
[0116] The additional light distribution pattern Pa' 
formed by light reflected from the fourth reflecting sur- 
face 36a (the additional radiated light Ba') overlaps the 
upper half of the basic light distribution pattern Po' and 
is diffused widely in the transverse direction. The addi- 
tional light distribution pattern Pa' provides light radiated 
more widely forward of vehicle. 
[0117] A vehicular lamp 100 may be produced utiliz- 
ing ten light source units 30 according to the third em- 
bodiment in place of ten light source units 10 of the first 
embodiment, or light source units 30 according to the 
third embodiment may be combined with light source 
units 10 constructed according to the first embodiment. 
In the case in which only light source units of the third 
embodiment are employed, it is possible to produce a 
high-beam headlamp having a high brightness, while in 
the case where both light source units 10 and 30 of the 
first and third embodiments are employed, moreover, it 
is possible to produce a headlamp capable of emitting 
either a low beam or a high beam. 
[01 1 8] While examples have been described in which 
the light source units 10, 10A, 10B, 10C and 30 are used 
in a headlamp, the light source units 10, 10A, 10B, 10C 
and 30 can also be used for a fog lamp or a cornering 
lamp while obtaining the same functions and effects as 
those in the above-described examples. 
[0119] It should further be apparent to those skilled in 
the art that various changes in form and detail of the 
invention as shown and described above may be made. 
It is intended that such changes be included within the 
spirit and scope of the claims appended hereto. 



Claims 

1 . A light source unit for a vehicular lamp, comprising: 
a semiconductor light-emitting element disposed on 
an optical axis of said light source unit with its light 
output directed in a predetermined direction sub- 
stantially orthogonal to said optical axis, and a re- 
flector provided on a forward side in said predeter- 
mined direction with respect to said semiconductor 
light-emitting element, said reflector having a first 
reflecting surface to collect and reflect a light emit- 
ted from said semiconductor light-emitting element 
forward in a direction of said optical axis, said first 
reflecting surface being formed in such a manner 
that a distance in said predetermined direction from 
said semiconductor light-emitting element to said 
first reflecting surface is 20 mm or less. 

2. The light source unit according to claim 1 , wherein 



said distance in said predetermined direction is ap- 
proximately 10 mm. 

3. The light source unit according to claim 1 , wherein 
5 said reflector comprises a second reflecting surface 

at a front end thereof in the direction of the optical 
axis of said first reflecting surface, said second re- 
flecting surface being inclined forward in said direc- 
tion of said optical axis. 

w 

4. The light source unit according to claim 1 , wherein 
said reflector further comprises a light control mem- 
ber for shielding a part of light reflected by said first 
reflecting surface, said light control member being 

15 provided at a predetermined position on a forward 
side in said direction of said optical axis with respect 
to said semiconductor light-emitting element. 

5. The light source unit according to claim 4, wherein 
20 said light control member comprises a shielding end 

face extending rearward in said direction of said op- 
tical axis, a third reflecting surface for reflecting light 
reflected by said first reflecting surface in said pre- 
determined direction being formed by said shielding 
25 end face. 

6. The light source unit according to claim 5, wherein 
said shielding end face comprises a horizontal cut- 
off line forming surface extending horizontally from 

30 said optical axis on a first side of said optical axis, 
and an oblique cut-off line forming surface extend- 
ing obliquely and downward from said optical axis 
on a second side of said optical axis opposite said 
first side. 

35 

7. The light source unit according to claim 6, wherein 
said oblique cut-off line forming surface extends 
downward at an angle of approximately 1 5 degrees. 

40 8. The light source unit according to claim 1 , further 
comprising a projection lens provided at a predeter- 
mined position on a forward side in said direction of 
said optical axis with respect to said reflector. 

45 9. The light source unit according to claim 1 , wherein 
said reflector is substantially dome shaped, and 
wherein said first reflecting surface is substantially 
elliptical in a cross section in said predetermined di- 
rection and including said optical axis. 

50 

10. The light source unit according to claim 9, wherein 
said semiconductor light-emitting element is posi- 
tioned at a first focal point of an ellipse in said cross 
section in said predetermined direction and includ- 

55 ing said optical axis. 

11. The light source unit according to claim 9, wherein 
an eccentricity of said first reflecting surface in- 



9 



17 



EP 1 357 332 A2 



18 



creases in cross sections away from said predeter- 
mined direction. 

12. The light source unit according to claim 5, wherein 
said predetermined direction is substantially or- 
thogonal to said horizontal cut-off line forming sur- 
face. 

13. The light source unit according to claim 5, wherein 
said predetermined direction is at an angle of ap- 
proximately 1 5 degrees with respect to a line or- 
thogonal to said horizontal cut-off line forming sur- 
face. 

14. A light source unit for a vehicular lamp, comprising: 
a semiconductor light-emitting element disposed on 
an optical axis of said light source unit with its light 
output directed in a predetermined direction sub- 
stantially orthogonal to said optical axis, a reflector 
provided on a forward side in said predetermined 
direction with respect to said semiconductor light- 
emitting element, said reflector having a first reflect- 
ing surface to collect and reflect a light emitted from 
said semiconductor light-emitting element forward 
in a direction of said optical axis and a second re- 
flecting surface at a front end in the direction of the 
optical axis of said first reflecting surface, said first 
reflecting surface being formed in such a manner 
that a distance in said predetermined direction from 
said semiconductor light-emitting element to said 
first reflecting surface is 20 mm or less, said second 
reflecting surface being inclined forward in said di- 
rection of said optical axis, and a light control mem- 
ber for shielding a part of light reflected by said first 
reflecting surface, said light control member being 
provided at a predetermined position on a forward 
side in said direction of said optical axis with respect 
to said semiconductor light-emitting element, said 
light control member comprising a front end face 
and a shielding end face portion, said shielding end 
face portion being inclined upward and rearward 
from said front end face to form a third reflecting 
surface. 

15. The light source unit according to claim 14, wherein 
said shielding end face is inclined upward and rear- 
ward from said front end face at an angle in a range 
of 1 to 10 degrees. 

16. The light source unit according to claim 14, wherein 
said distance in said predetermined direction is ap- 
proximately 10 mm. 

17. The light source unit according to claim 14, further 
comprising a projection lens provided at a predeter- 
mined position on a forward side in said direction of 
said optical axis with respect to said reflector. 



18. The light source unit according to claim 17, wherein 
said projection lens is cut away in portions receiving 
substantially no incident light. 

5 19. The light source unit according to claim 14, wherein 
said reflector is substantially dome shaped, and 
wherein said first reflecting surface is substantially 
elliptical in a cross section in said predetermined di- 
rection and including said optical axis. 

10 

20. The light source unit according to claim 19, wherein 
said semiconductor light-emitting element is posi- 
tioned at a first focal point of an ellipse in said cross 
section in said predetermined direction and includ- 

15 jng said optical axis. 

21 . The light source unit according to claim 20, wherein 
an eccentricity of said first reflecting surface in- 
creases in cross sections away from said predeter- 

20 mined direction. 

22. A light source unit for a vehicular lamp, comprising: 
a semiconductor light-emitting element disposed on 
an optical axis of said light source unit with its light 
output directed in a predetermined direction sub- 
stantially orthogonal to said optical axis, a first re- 
flector provided on a forward side in said predeter- 
mined direction with respect to said semiconductor 
light-emitting element, said first reflector being sub- 
stantially dome shaped and having a first reflecting 
surface to collect and reflect a light emitted from 
said semiconductor light-emitting element forward 
in a direction of said optical axis and a second re- 
flecting surface extending forward and downward 
from a front end of said first reflecting surface, said 
first reflecting surface being formed in such a man- 
ner that a distance in said predetermined direction 
from said semiconductor light-emitting element to 
said first reflecting surface is 20 mm or less, and a 
second reflector positioned opposite said first re- 
flector, said second reflector having a substantially 
planar reflecting surface extending forward of said 
light-emitting element and inclined downward with 
respect to said optical axis. 

23. The light source unit according to claim 22, wherein 
said distance in said predetermined direction is ap- 
proximately 10 mm. 

so 24. The light source unit according to claim 22, further 
comprising a projection lens provided at a predeter- 
mined position on a forward side in said direction of 
said optical axis with respect to said reflector. 

55 25. The light source unit according to claim 22, wherein 
said first reflecting surface is substantially elliptical 
in a cross section in said predetermined direction 
and including said optical axis. 
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26. The light source unit according to claim 25, wherein 
said semiconductor light-emitting element is posi- 
tioned at a first focal point of an ellipse in said cross 
section in said predetermined direction and includ- 
ing said optical axis. 5 

27. The light source unit according to claim 26, wherein 
an eccentricity of said first reflecting surface in- 
creases in cross sections away from said predeter- 
mined direction. 10 
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